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(54)  Process  for  the  preparation  of  soluble  coffee. 

©  This  invention  is  designed  to  prevent  the  loss  of 
desirable  flavor  and  aroma  volatiles  during  processing  of  an 
aqueous  coffee  extract  obtained  from  roasted  and  ground 
coffee.  The  overall  process  of  preparing  soluble  coffee  by 
spray  drying  a  concentrated  aqueous  extract  is  improved  by 
the  entrainment  and  solubilization  of  highly  volatile  coffee 
flavor  and  aroma  compounds  in  the  extract  prior  to  spray 
drying. 
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TECHNICAL  F I E L D  

T h i s   i n v e n t i o n   r e l a t e s   to   a  p r o c e s s   f o r   t h e  

p r e p a r a t i o n   of  s o l u b l e   c o f f e e   by  s p r a y   d r y i n g   a  

c o n c e n t r a t e d   a q u e o u s   c o f f e e   e x t r a c t   o b t a i n e d   f r o m  

r o a s t e d   and  g r o u n d   c o f f e e .  

Work  done   by  H u s t e   e t   a l . ,   U . S .   P a t e n t  

No.  3 , 3 4 5 , 1 8 2 ,   i n d i c a t e s   t h a t   v o l a t i l e   r e t e n t i o n  

a c r o s s   s p r a y   d r y i n g   i s   i m p r o v e d   w i t h   h i g h e r   s o l i d s  

c o n c e n t r a t i o n   o f   a q u e o u s   c o f f e e   e x t r a c t .   H o w e v e r ,  

s i n c e   i t   i s   e c o n o m i c a l   to   o p e r a t e   t h e   p e r c o l a t o r s   a t  

h i g h   d r a w o f f   f a c t o r s   g i v i n g   h i g h   y i e l d s ,   a  l o w  

c o n c e n t r a t i o n   e x t r a c t   i s   p r o d u c e d .   T h e r e f o r e ,   a  

more   e f f e c t i v e   m e t h o d   of   c o n c e n t r a t i n g   e x t r a c t   i s  

d e s i r a b l e .   H o w e v e r ,   c a p t u r i n g   and  r e t a i n i n g   v o l a t i l e  

c o f f e e   f l a v o r   and  a r o m a   c o m p o u n d s   i s   a l s o   e s s e n t i a l .  

S h r i m p t o n ,   U . S .   P a t e n t   No.  4 , 1 0 7 , 3 3 9   d i s c l o s e s  

a  p r o c e s s   in   w h i c h   a  s m a l l   p e r c e n t   e v a p o r a t i o n   i s  

f o l l o w e d   by  a  b u l k   e v a p o r a t i o n   to  p r o d u c e   a  h i g h  

c o n c e n t r a t i o n   e x t r a c t .   The  c o n d e n s a t e   f rom  t h e  

f i r s t   e v a p o r a t i o n   i s   t h e n   a d d e d   b a c k   to   t h e  

c o n c e n t r a t e   and  s u b s e q u e n t l y   i s   s p r a y   d r i e d .  

I f   one  a s s u m e s   t h a t   a l l   f l a v o r   c o m p o u n d s   a r e  

i m p o r t a n t ,   t h e n   t h e   p r o c e s s   as  d i s c l o s e d   in   t h e  



a f o r e m e n t i o n e d   S h r i m p t o n ,   U . S .   P a t e n t   No.  4 , 1 0 7 , 3 3 9  
w o u l d   a p p e a r   to   h a v e   two  a r e a s   t h a t   n e e d   i m p r o v e m e n t .  

The  f i r s t   a r e a   i s   t h e   s m a l l   p e r c e n t   e v a p o r a t i o n .   A 

l a r g e r   p e r c e n t   e v a p o r a t i o n   c o u l d   r e m o v e   h e a v i e r  

v o l a t i l e s ,   h o w e v e r   t h e   i n c r e a s e d   w a t e r   l o a d   w o u l d  

d i l u t e   t h e   p r o d u c t .   T h e r e f o r e ,   a  means   to   s e p a r a t e  

and  c o n c e n t r a t e   t h e   v o l a t i l e s   b e f o r e   a d d b a c k   s u c h  

a s ,   f o r   e x a m p l e ,   a  d i s t i l l a t i o n   c o l u m n   i s   n e e d e d .  

The  s e c o n d   a r e a   i s   a  means   o f   c a p t u r i n g   t h e   h i g h l y  

v o l a t i l e   c o m p o u n d s   t h a t   a r e   n o r m a l l y   l o s t   e v e n  

d u r i n g   o p t i m i z e d   o p e r a t i n g   c o n d i t i o n s   o f   a  c o n d e n s e r  

i s   n e e d e d .  

T h i s   i n v e n t i o n   r e l a t e s   to   t h e   s e c o n d   a r e a   a n d  

to   a  p r o c e s s   f o r   c a p t u r i n g   and  r e t a i n i n g   n o n - c o n d e n s a b l e  

v o l a t i l e   c o f f e e   f l a v o r   and  a r o m a   c o m p o u n d s   by  e n t r a i n i n g  

and  d i s s o l v i n g   t h e   c o m p o u n d s   in   c o n c e n t r a t e d   c o f f e e  

e x t r a c t .   By  c o n c e n t r a t e d   c o f f e e   e x t r a c t   i s   m e a n t   a n  

e x t r a c t   h a v i n g   a  s o l i d s   c o n c e n t r a t i o n   of   a b o u t   35  t o  

60%,  p r e f e r a b l y   a b o u t   40  to   45%.  As  a  p r o c e s s i n g  

s t e p ,   t h e   e n t r a i n m e n t   and  s o l u b i l i z a t i o n   of   t h e  

n o n - c o n d e n s a b l e   c o m p o u n d s   a l l o w s   f o r   i n c o r p o r a t i o n  

of   d e s i r a b l e   c o f f e e   f l a v o r   and  a roma   c o m p o u n d s   f r o m  

a  v e n t i n g   g a s e o u s   s t r e a m ,   w h i c h   a r e   n o r m a l l y   l o s t ,  

i n t o   a  p r o d u c t   s t r e a m   of   c o f f e e   e x t r a c t .   T h e s e  

d e s i r a b l e   f l a v o r   and  a roma   v o l a t i l e s   c an   t h e n   b e  

r e t a i n e d   t h r o u g h   f u r t h e r   p r o c e s s i n g   to   t h e   f i n i s h e d  

s o l u b l e   c o f f e e   p r o d u c t   o b t a i n e d   by  s p r a y   d r y i n g   t h e  

c o n c e n t r a t e d   e x t r a c t .   The  g a s e o u s   a r o m a   s t r e a m   c a n  

be  f r o m   any  s o u r c e   of   v o l a t i l e   a r o m a s ,   e . g . ,   t h e  

v e n t   f rom  a  c o n d e n s e r ,   p e r c o l a t o r   v e n t ,   g r i n d e r ,  

e t c .   P r e f e r a b l y ,   t h e   v o l a t i l e   a r o m a s   a r e   t h e   n o n -  

c o n d e n s e d   f l a v o r   and  a roma   c o m p o u n d s   f rom  a  c o n d e n s e r .  



The  i n v e n t i o n   i s   b a s e d   on  t h e   f i n d i n g   t h a t  

h i g h l y   v o l a t i l e   n o n - c o n d e n s a b l e   f l a v o r   and  a r o m a  

c o m p o u n d s   may  be  i n c o r p o r a t e d   d i r e c t l y   i n t o   a n  

e x t r a c t   j u s t   p r i o r   to   s p r a y   d r y i n g .  

T h i s   i n v e n t i o n   i s   t h u s   d e s i g n e d   to   p r e v e n t   t h e  

l o s s   of   d e s i r a b l e   f l a v o r   and  a roma   v o l a t i l e s   d u r i n g  

p r o c e s s i n g .   In  p a r t i c u l a r ,   in   p r o c e s s e s   s u c h   a s ,  
f o r   e x a m p l e ,   t h a t   o f   t h e   a f o r e m e n t i o n e d   S h r i m p t o n  

U . S .   P a t e n t   No.  4 , 1 0 7 , 3 3 9 ,   i t   s o l v e s   t h e   p r o b l e m   o f  

f l a v o r   l o s s e s   d u r i n g   e x t r a c t   e v a p o r a t i o n   due  t o  

i n c o m p l e t e   c o n d e n s a t i o n   of   h i g h l y   v o l a t i l e   f l a v o r  

and  a r o m a   c o m p o u n d s   in   t h e   a roma   c o n d e n s e r .   I t   c a n  

a l s o   be  u s e d   to   s o l v e   t h e   p r o b l e m   of   l o s s e s   due  t o  

p o o r   c o n d e n s a t i o n   of   v o l a t i l e   s t e a m   a r o m a s   in   p r o c e s s e s  
s u c h   as  s t e a m   s t r i p p i n g   of   r o a s t   and  g r o u n d   c o f f e e ,  

and  f o r   c o l l e c t i o n   of   g r i n d e r   gas  a r o m a s .  

An  a d v a n t a g e   of   t h i s   i n v e n t i o n   i s   t h a t   i t  

i n v o l v e s   t h e   u s e   of   r e l a t i v e l y   l o w - c o s t   e q u i p m e n t  

w h e r e a s   p r e v i o u s   e q u i p m e n t   f o r   g a s e o u s   a r o m a  
c o l l e c t o r s   w e r e   h i g h - c o s t   i t e m s   s u c h   as  l i q u i d  

n i t r o g e n   c o n d e n s e r s   or  b r i n e - c o o l e d   w i p e d   f i l m  

v a p o r - l i q u i d   c o n t a c t o r s   s u c h   as  a  V o t a t o r .   [A 

f u r t h e r   a d v a n t a g e   of   t h i s   i n v e n t i o n   i s   i t s  

m u l t i p l i c i t y   of   u s e s   in   p r o c e s s e s   w h e r e   i t   i s  

d e s i r a b l e   to   c a p t u r e   n o n - c o n d e n s a b l e   g a s e o u s   f l a v o r  

and  a roma   c o m p o u n d s   f o r   r e t e n t i o n   t h r o u g h   to   t h e  

f i n i s h e d   p r o d u c t . ]   A l t h o u g h   t h i s   i n v e n t i o n   i s  

r e l a t e d   to   t h a t   d i s c l o s e d   and  c l a i m e d   in   Hawes  e t  

a l .   a p p l i c a t i o n   S e r i a l   no.   2 4 7 , 6 6 3 ,   f i l e d   M a r c h  2 6 ,  

1981 ,   owned  by  t h e   a s s i g n e e   of   t h i s   a p p l i c a t i o n ,   t h i s  

i n v e n t i o n   h a s   t h e   f u r t h e r   a d v a n t a g e   of   s u p p l e m e n t i n g  

or  r e p l a c i n g   t h e   a b s o r p t i o n   c o l u m n .  



DISCLOSURE  OF  THE  INVENTION 

A  p r o c e s s   f o r   t h e   p r e p a r a t i o n   of   s o l u b l e   c o f f e e  

by  s p r a y   d r y i n g   a  c o n c e n t r a t e d   a q u e o u s   c o f f e e   e x t r a c t  

o b t a i n e d   f rom  r o a s t e d   and  g r o u n d   c o f f e e   has   now  b e e n  

d i s c o v e r e d   w h i c h   r e s u l t s   in   c a p t u r i n g   and  r e t a i n i n g  

v o l a t i l e   c o f f e e   f l a v o r   and  a r o m a   c o m p o u n d s .   T h e  

i m p r o v e m e n t s   in   t h e   p r o c e s s   c o m p r i s e   t h e   f o l l o w i n g  

s t e p s :  

( a )   an  a q u e o u s   c o f f e e   e x t r a c t   i s   e v a p o r a t e d   i n  

an  i n i t i a l   e v a p o r a t i o n   s t e p   (4  to   1 0 % ) ;  

(b)   t h e   v a p o r s   f rom  s t e p   (a )   a r e   p a s s e d   t h r o u g h  

a  c h i l l e d   w a t e r   c o n d e n s e r   o p e r a t i n g   b e t w e e n   7°  a n d  

13°C  (45°   and  5 5 ° F ) ;  

(c)   t h e   e x t r a c t   f r om  s t e p   ( a ) ,   h a v i n g   p a s s e d  

t h r o u g h   an  i n i t i a l   e v a p o r a t i o n   s t e p ,   i s   c o n c e n t r a t e d  

in  a  b u l k   e v a p o r a t i o n   s t e p   to   a  h i g h   c o n c e n t r a t i o n  

(55%  s o l i d s ) ;  

(d)  t h e   v a p o r s   w h i c h   w e r e   c o n d e n s e d   in   s t e p  

(b)  a r e   a d d e d   b a c k   to  t h e   c o n c e n t r a t e d   e x t r a c t   f r o m  

s t e p   ( c ) ;  

(e)   t h e   v a p o r s   w h i c h   w e r e   n o t   c o n d e n s e d   i n  

s t e p   ( b ) ,   a r e   pumped  t h r o u g h   a  c o o l e r   to   p r e v e n t  

a roma   d e g r a d a t i o n ,   and  t h e n   d i r e c t l y   to  an  e n t r a i n i n g  

means   in   t h e   s p r a y   d r y e r   e x t r a c t   f e e d   l i n e .   T h e  

c o o l e r   r e m o v e s   t h e   h e a t   g e n e r a t e d   d u r i n g   v a p o r  
c o m p r e s s i o n ;  

( f )   t h e   c o m b i n e d   v a p o r   c o n d e n s a t e   and  e x t r a c t  

f rom  s t e p   (d)   a r e   p a s s e d   t h r o u g h   t h e   p o i n t   w h e r e   t h e  

n o n - c o n d e n s e d   a r o m a s   f rom  s t e p   (e )   a r e   a d d e d   v i a   t h e  

e n t r a i n i n g   m e a n s ;  

(g)   t h e   c o m b i n e d   c o n d e n s a t e ,   e x t r a c t   a n d  

n o n - c o n d e n s e d   a roma  s t r e a m   i s   t h e n   i m m e d i a t e l y   s p r a y  
d r i e d .  



By  " e n t r a i n i n g   m e a n s "   i s   m e a n t   a  d e v i c e   s u c h   a s  

a  v e n t u r i ,   j e t   o r i f i c e   or   t h e   l i k e ,   t h a t   a l l o w s   f o r  

d i r e c t   i n j e c t i o n   of   n o n - c o n d e n s a b l e s   i n t o   a  s p r a y  
d r i e r   f e e d .  

The  e v a p o r a t i v e   c o n c e n t r a t i o n   of   s t e p   (a)   m a y  
be  c a r r i e d   o u t   in   a  s i n g l e   e f f e c t   e v a p o r a t o r   s u c h   a s  

a  C e n t r i t h e r m   or   a  m u l t i p l e   e f f e c t   e v a p o r a t o r .  

The  s o l i d s   c o n c e n t r a t i o n   o f   t h e   c o m b i n e d   e x t r a c t  

s t r i p p i n g s   and  e x t r a c t s   of   s t e p   (g)  f e d   to   t h e   s p r a y  

d r y e r   i s   a b o u t   35%  to   60%,  p r e f e r a b l y   40%  to   4 5 % .  

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

T h i s   i n v e n t i o n   t h u s   i n v o l v e s   r e c o v e r y   o f   n o n -  

c o n d e n s a b l e   v o l a t i l e s ,   t h a t   i s ,   v o l a t i l e s   i n   t h e  

g a s e o u s   s t a g e   n o t   r e c o v e r e d   by  a  c o n d e n s e r   and  t h e i r  

d i r e c t   i n c o r p r a t i o n   i n t o   a  s p r a y   d r i e r   f e e d   s t r e a m .  

To  a c c o m p l i s h   t h i s ,   a  v e n t u r i   i s   i n c o r p o r a t e d   i n   t h e  

f e e d   p i p e   of   a  s p r a y   d r i e r   f o l l o w e d ,   i f   n e c e s s a r y ,  

by  a  s t a t i c   m i x e r .   Even   in   a  p r e s s u r e   b e a r i n g   p i p e  

a  v e n t u r i   w i l l   c r e a t e   a  l o c a l i z e d   n e g a t i v e   p r e s s u r e  
w h i c h   w i l l   d r a w  i n   t h e   n o n - c o n d e n s a b l e   g a s e s   and  t h e  

s u b s e q u e n t   r e - a p p l i c a t i o n   of   p r e s s u r e   v i a   a  b o o s t e r  

pump  w i l l   d i s s o l v e   t h e s e   n o n - c o n d e n s a b l e   g a s e s .  

T h e n ,   f o l l o w i n g   a r t - r e c o g n i z e d   c u r r e n t   a d v a n c e d  

s p r a y   d r y i n g   t e c h n i q u e s ,   a  l a r g e   p o r t i o n   of   t h e s e  

v o l a t i l e s   w i l l   be  r e t a i n e d   a c r o s s   d r y i n g   i n t o   t h e  

f i n a l   p r o d u c t .  

O t h e r   n o n - c o n d e n s a b l e   v o l a t i l e   r e c o v e r y   s c h e m e s  

i n v o l v e   e i t h e r   l o w e r   t e m p e r a t u r e s   or  more   s o p h i s t i c a t e d  

e q u i p m e n t .   W h i l e   o t h e r   s c h e m e s   c an   be  d e v i s e d   t o  

r e c o v e r   a  p o r t i o n   of   t h e   n o n - c o n d e n s a b l e   v o l a t i l e  

s t r e a m ,   t h e   p r o c e s s   and  t h e   p r e s e n t   i n v e n t i o n   w i l l  

r e t u r n   s u b s t a n t i a l l y   a l l   of  t h e   n o n - c o n d e n s a b l e  

a r o m a s   to   t h e   e x t r a c t   s t r e a m   j u s t   p r i o r   to   d r y i n g .  



The  p r o c e s s   has   a  n u m b e r   of   a d d i t i o n a l   a d v a n t a g e s .  

F i r s t l y ,   i t   a v o i d s   h a v i n g   to   c r y o g e n i c a l l y   c o n d e n s e  

d e s i r a b l e   f l a v o r   and  a r o m a   c o m p o u n d s .   S e c o n d l y ,   t h e  

o v e r a l l   p r o c e s s   i s   f r e e   of   v a r i a t i o n s   in   a r o m a  

a d d b a c k   l e v e l s   due  to   t h e   d i r e c t   e n t r a i n m e n t ,   w h i c h  

i n s u r e s   b a l a n c e d   r a t e s   of   a roma   g e n e r a t i o n   d u r i n g  

e v a p o r a t i o n   and  r e c o v e r y   j u s t   p r i o r   to   s p r a y   d r y i n g .  

T h i r d l y ,   damage   to   t h e   d e s i r a b l e   f l a v o r   and  a r o m a  

c o m p o u n d s   of   t h e s e   n o n - c o n d e n s a b l e s   d o e s   n o t   o c c u r  

due  to   t h e   f a c t   t h e   v o l a t i l e s   a r e   i n c o r p o r a t e d   a t  

low  p r e s s u r e   and  low  t e m p e r a t u r e .  

The  s y s t e m   i s   d e s i g n e d   to   p r o c e s s   e x t r a c t   a t   3 5  

to  60%,  p r e f e r a b l y   40  to   45%,  s o l i d s   c o n c e n t r a t i o n  

a t   r a t e s   a d a p t e d   f o r   c o n t i n u o u s ,   s t e a d y   s t a t e   o p e r a t i o n .  

The  e x t r a c t   f e e d   r a t e   i s   c o n t r o l l e d   by  a  V a r i - d r i v e  

g e a r   p u m p .  
The  v e n t u r i   or  j e t   o r i f i c e   d e s i g n   i s   u n i q u e   t o  

t h e   p r o c e s s   of  t h i s   a p p l i c a t i o n   and  t h e   d e s i g n  

p r o c e d u r e   i n v o l v e s   t h e   s e l e c t i o n   of   s u i t a b l e   v e n t u r i  

or  o r i f i c e   d i a m e t e r s   to   i n d u c e   a  n e g a t i v e   p r e s s u r e  

a t   t h e   v e n a   c o n t r a c t a   f o r   a  g i v e n   s e t   of   f l o w   a n d  

e x t r a c t   c o n d i t i o n s .   T y p i c a l   d i a m e t e r s   u s e d   r a n g e  

f rom  2.38mm  to  7.2mm  a t   r a t e s   of   2  to   50  l i t e r s   p e r  

m i n u t e .  

The  s o u r c e   of  n o n - c o n d e n s a b l e   a r o m a s   i s   a  

v o l a t i l e   s t r e a m   in   t h e   g a s e o u s   s t a g e   n o t   r e c o v e r e d  

by  a  c h i l l e d   w a t e r   c o n d e n s e r .   E v a p o r a t i v e   s t r i p s   o f  

4  to   10%  a r e   p a s s e d   t h r o u g h   t h e   c o n d e n s e r ,   w i t h   t h e  

r e s u l t i n g   n o n - c o n d e n s a b l e   a r o m a s   pumped   d i r e c t l y   t o  

t h e   v e n t u r i   i n j e c t i o n   p o i n t   in   t h e   s p r a y   d r i e d   f e e d  

l i n e .   The  r a t e   of  c o f f e e   s o l i d s   f l o w i n g   t h r o u g h   t h e  

e v a p o r a t o r   i s   i d e n t i c a l   to   t h e   r a t e   p a s s i n g   t h r o u g h  

t h e   v e n t u r i .  



The  s m a l l   e v a p o r a t i o n   and  s p r a y   d r y i n g   s t e p s  

a r e   i n t e g r a t e d   in   s u c h   a  way  to  p r o d u c e   a  c l o s e d  

n o n - c o n d e n s a b l e   a r o m a   g e n e r a t i o n / a d d b a c k   l o o p .  

T h u s ,   t h e   o v e r a l l   p r o c e s s ,   i . e . ,   s m a l l   e v a p o r a t i o n ,  

b u l k   e v a p o r a t i o n ,   c o n d e n s e d   aroma  a d d b a c k ,   n o n -  

c o n d e n s e d   a r o m a   a d d b a c k ,   and  s p r a y   d r y i n g   s t e p s ,   a r e  

a l l   o p e r a t e d   c o n t i n u o u s l y   and  a t   s t e a d y   s t a t e .  

I t   i s   e s s e n t i a l   t h a t   t h e   a r o m a s   be  a d d e d   b e f o r e  

a  b o o s t e r   pump  p o s i t i o n e d   in   t h e   e x t r a c t   f e e d   l i n e  

and  t h e   G a u l i n   h i g h   p r e s s u r e   pump,  a l s o   in   t h e   l i n e ,  

h a s   a  r e q u i r e d   n e t   p o s i t i v e   s u c t i o n   h e a d   of   2 . 5   k g / c m 2  

(35  p s i ) .  

To  s u p p l y   t h e   G a u l i n   h i g h   p r e s s u r e   pump  w i t h  

i t s   r e q u i r e d   n e t   p o s i t i v e   s u c t i o n   h e a d ,   a  p o s i t i v e  

d i s p l a c e m e n t   pump  i s   p l a c e d   a f t e r   t h e   j e t   o r i f i c e .  

A  p r e s s u r e   r e l i e f   l i n e   i s   i n c o r p o r a t e d   a f t e r   t h e  

p o s i t i v e   d i s p l a c e m e n t   pump  to  p r e v e n t   e x t r a c t   f r o m  

b a c k i n g   up  t h r o u g h   t h e   f e e d   l i n e   due  to   u n m a t c h e d  

r a t e s   d u r i n g   s t a r t u p   or   o t h e r   m e c h a n i c a l   m a l f u n c t i o n s .  

No  o t h e r   c h a n g e s   a r e   made  to   t h e   n o r m a l   s p r a y  

d r y e r   f l o w   s y s t e m .  

The  d i r e c t   i n j e c t i o n   s y s t e m   has   b e e n   o p e r a t e d  

f o r   e x t e n d e d   p e r i o d s .   The  s p r a y   d r i e d   p o w d e r s   h a v e  

b e e n   a n a l y z e d   and  h a v e   had   t h e   f o l l o w i n g   c h a r a c t e r i s t i c  

p h y s i c a l   p r o p e r t i e s :   d e n s i t y   0 .2  g / c c ,   m o i s t u r e  

3 .7%,   and  c o l o r   u n i t s   4 7 .  

T a s t e   e v a l u a t i o n s   of   v a r i a n t s   p r o d u c e d   u s i n g   t h e  

d i r e c t   i n j e c t i o n   s y s t e m   h a v e   b e e n   c o n d u c t e d .   T h e s e  

o r g a n o l e p t i c   t e s t s   h a v e   show  t h e   s a m p l e s   w i t h   n o n -  

c o n d e n s a b l e   a r o m a s   a d d e d   to   be  s m o o t h e r ,   more   r o u n d e d ,  

and  b a l a n c e d   t h a n   t h e i r   c o n t r o l   s a m p l e s   made  w i t h o u t  

n o n - c o n d e n s a b l e   a r o m a s   a d d e d .  



The  o v e r a l l   p r o c e s s   i n v o l v e s   an  i n i t i a l   e v a p o -  
r a t i o n   s t e p ,   c a r r i e d   o u t   in   a  s i n g l e   e f f e c t   e v a p o r a t o r ,  
f o l l o w e d   by  a  b u l k   e v a p o r a t i o n .   The  c o n d e n s a t e  

s t r e a m   f rom  t h e   s i n g l e   e f f e c t   e v a p o r a t o r   i s   a d d e d   t o  

t h e   c o n c e n t r a t e d   e x t r a c t   a f t e r   t h e   b u l k   e v a p o r a t i o n  

s t e p .   The  s t r e a m   of   v o l a t i l e   a r o m a s   n o t   c o n d e n s e d  

in   t h e   s i n g l e   e f f e c t   e v a p o r a t o r   c o n d e n s e r   i s   r e c o v e r e d  

by  e n t r a i n m e n t   and  s o l u b i l i z a t i o n   in   c o n c e n t r a t e d  

e x t r a c t   h a v i n g   a  s o l i d s   c o n t e n t   of  35  to   60%  and  a  

t e m p e r a t u r e   of   a b o u t   10°  to   15°C .   The  v o l a t i l e  

s t r e a m s ,   b o t h   c o n d e n s a b l e s   and  n o n - c o n d e n s a b l e s ,   a r e  

t h u s   c o m b i n e d   w i t h   t h e   c o n c e n t r a t e d   e x t r a c t   s t r e a m  

b e f o r e   s p r a y   d r y i n g .  

A p p r o x i m a t e l y   4  to   10%  of   t h e   e x t r a c t   f e e d   t o  

t h e   s i n g l e   e f f e c t   e v a p o r a t o r   may  be  e v a p o r a t e d .   A 

c h i l l e d   w a t e r   c o n d e n s e r   i s   u s e d   to   c o n d e n s e   t h e  

v o l a t i l e   a r o m a s   s t r i p p e d   f rom  t h e   e x t r a c t   f e e d .   A 

s e a l e d   u n i t   pump  s u c h   as  a  d i a p h r a g m   pump,  i s   u s e d  

to  c o m p r e s s   t h e   n o n - c o n d e n s e d   a roma  s t r e a m ,   m o s t l y  

c a r b o n   d i o x i d e ,   f rom  low  p r e s s u r e   (250  to   600mm  Hg  

a b s o l u t e )   to   a t m o s p h e r i c   p r e s s u r e   p r i o r   to   a d d i t i o n  

a t   v e n t u r i .   A  more   e f f i c i e n t   e v a p o r a t o r ,   s u c h   as  a  

m u l t i p l e   e f f e c t ,   c a n   be  u s e d   to   p e r f o r m   t h e   b u l k   o f  

t h e   e v a p o r a t i o n .  

S p r a y   d r y i n g   o f   t h e   e x t r a c t   c o n t a i n i n g   b o t h   t h e  

c o n d e n s a b l e s   and  n o n - c o n d e n s a b l e s   i s   p e r f o r m e d   u s i n g  

h i g h   c o n c e n t r a t i o n   e x t r a c t   ( f o r   e x a m p l e ,   43%  s o l i d s ) ,  

h i g h   s p r a y   n o z z l e   p r e s s u r e   ( 7 0 . 5   k g / c m 2 ,   1000  p s i g )  

and  low  t e m p e r a t u r e   d r y i n g   c o n d i t i o n s   ( 2 0 5 ° C   i n ,  

105°C  o u t ;   4 0 0 ° F   i n ,   2 2 0 ° F   o u t ) .  

F l a v o r   c o m m e n t s   on  t h e   s p r a y   d r i e d   p r o d u c t s  

p r o d u c e d   in   a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n   h a v e   b e e n  

d e s c r i b e d   as  b e i n g   more   w e l l   r o u n d e d ,   more   b a l a n c e d  

and  s m o o t h e r .  



The  f o l l o w i n g   E x a m p l e   i s   g i v e n   by  way  of   i l l u s t r a t i o n  

and  n o t   l i m i t a t i o n .   A l l   p e r c e n t s   a r e   w e i g h t   p e r c e n t s .  

EXAMPLE 

(a)   A  r o a s t e d   c o f f e e   e x t r a c t   (15%  s o l i d s )   f r o m  

a  p e r c o l a t o r   s c a l e   t a n k   i s   e v a p o r a t e d   u n d e r   v a c u u m  

(250  to   600mm  Hg,  a b s o l u t e )   in   a  s i n g l e   s t a g e   e v a p o r a t o r  

to   16%  s o l i d s   c o n c e n t r a t i o n .  

(b)  The  v a p o r s   a r e   c o n d e n s e d   in   a  c o n d e n s e r  

o p e r a t e d   a t   7°  to   13°C  (45°   to   5 5 ° F ) .  

(c)   The  s t r i p p e d   c o f f e e   e x t r a c t   (16%  s o l i d s )  

f r o m   s t e p   (a )   i s   c o n c e n t r a t e d   in   a  b u l k   e v a p o r a t i o n  

s t e p   to   55%  s o l i d s   c o n c e n t r a t i o n .  

(d)  The  c o n d e n s e d   a r o m a s   f rom  s t e p   (b)  a r e  

a d d e d   b a c k   to   t h e   c o n c e n t r a t e d   e x t r a c t   f rom  s t e p  

( c ) .  

(e)   The  n o n - c o n d e n s e d   g a s e o u s   a r o m a s   a r e   t h e n  

pumped   d i r e c t l y   to   a  v e n t u r i   i n j e c t i o n   p o i n t   i n  

t h e   s p r a y   d r i e r   f e e d   l i n e .   The  c o m b i n e d   c o n d e n s a t e  

and  e x t r a c t   a r e   p a s s e d   t h r o u g h   t h e   v e n t u r i   w h e r e  

t h e   n o n - c o n d e n s e d  g a s e o u s   a r o m a s   a r e   a d d e d .  

( f )   The  c o m b i n e d   c o n d e n s a t e ,   e x t r a c t   a n d  

n o n - c o n d e n s e d   a r o m a s   s t r e a m   a r e   t h e n   i m m e d i a t e l y  

s p r a y   d r i e d   a t   5 6 . 4   to   7 0 . 5   k g / c m 2   (800  to  1000  p s i )  

and  a t   t e m p e r a t u r e s   of  205°C  i n l e t ,   105°C  o u t l e t  

( 4 0 0 ° F   i n l e t ,   2 2 0 ° F   o u t l e t ) .  

T a s t e   c o m p a r i s o n s   s h o w e d   t h e   p r o d u c t   t o  

c o n t a i n   s i g n i f i c a n t l y   h i g h e r   l e v e l s   of  c o f f e e   f l a v o r  

n o t e s   p r e d o m i n a n t l y   d e s c r i b e d   as  more  w e l l   r o u n d e d ,  

more   b a l a n c e d   and  s m o o t h e r .   Gas  c h r o m a t o g r a m s  

f u r t h e r   s h o w e d   t h a t   e s s e n t i a l l y   a l l   t h e   g a s e o u s  

a r o m a s   n o t   c o n d e n s e d   in   t h e   s i n g l e   e f f e c t   e v a p o r a t o r  

c o n d e n s e r   w e r e   r e t u r n e d   to   t h e   e x t r a c t   p r i o r   t o  

s p r a y   d r y i n g   and  50%  r e t a i n e d   a c r o s s   s p r a y   d r y i n g .  



1.  A  process   for  the  p r e p a r a t i o n   of  so lub le   coffee  by  s p r a y  

drying  a  c o n c e n t r a t e d   aqueous  coffee  e x t r a c t   ob ta ined   from  roas ted   and 

ground  co f fee ,   c h a r a c t e r i s e d   by:  

(a)  e v a p o r a t i n g   an  aqueous  coffee   e x t r a c t   in  an 

i n i t i a l   evapora t ion   s t e p ;  

(b)  condensing  the  vapors  from  the  i n i t i a l  

e v a p o r a t i o n   step  in  a  c h i l l e d   water  c o n d e n s e r ;  

(c)  c o n c e n t r a t i n g   the  e x t r a c t   from  step  (a)  i n  

a  bulk  evapora t ion   s t e p ;  

(d)  adding  back  the  condensed  vapors  from  s t e p  

(b)  to  the  concen t ra t ed   e x t r a c t   from  step  ( c ) ;  

(e)  pass ing   gaseous  non-condensed  f l avor   and 

aroma  compounds  of  step  (b)  through  an  e n t r a i n i n g  

means  to  the  combined  e x t r a c t   and  condensed  v a p o r s  
of  step  (d)  and;  

(f)  spray  drying  the  e x t r a c t ,   condensed  v a p o r s ,  

and  f l avor   and  aroma  compounds  of  step  ( e ) .  

2.  A  process   as  in  Claim  1  in  which  the  e x t r a c t   of  step  (d)  

is  main ta ined   at  a  p re s su re   of  2.8  to  7.0  kg/cm2  (40  to  100  p s ig ) ,   a 

t empera ture   of  100  to  150C  and  a  c o n c e n t r a t i o n   of  35  to  60%  s o l i d s  

when  passed  to  the  e n t r a i n i n g   means.  

3.  A  process   as  in  Claim  1  or  Claim  2  in  which  s a i d  

e n t r a i n i n g   means  is  a  v e n t u r i .  

4.  A  process   according  to  any  one  of  claims  1  to  3  in  which 

the  i n i t i a l   e v a p o r a t i o n   step  (a)  is  c a r r i e d   out  in  a  s ingle   e f f e c t  

evapora to r   to  evapora te   4  to  10%  of  the  e x t r a c t .  

5.  A  process   according  to  any  one  of  claims  1  to  4  in  which 

the  rate   of  coffee  so l id s   passing  through  s teps   (a),   (c),  (d),  (e)  and 

(f)  is  equal  with  the  ra te   of  coffee  so l ids   pass ing   through  step  (a)  

being  the  rate  de te rmin ing   s t e p .  



6.  A  process   according  to  any  one  of  claims  1  to  5  i n  

which  a l l   p r o c e s s i n g   steps  are  coord ina ted   and  i n t e g r a t e d   so  as  t o  

main ta in   a  cont inuous   and  steady  s t a t e   o p e r a t i o n .  
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